We study truncation effects in the SU(3) gauge actions obtained by the Monte Carlo renormalization group method. By measuring the heavy quark potential we find that the truncation effects in the actions coarsen the lattice by 40-50% from the original blocked lattice. On the other hand, we find that rotational symmetry of the heavy quark potentials is well recovered on such coarse lattices, which may indicate that rotational symmetry breaking terms are easily cancelled out by adding a short distance operator. We also discuss the possibility of reducing truncation effects.
Introduction
ing the blocked configurations, we can directly generate the configurations without blocking. The determination of the action was tackled by the canonical demon method [11, 12] which produces as output a set of coupling constants. In the canonical demon method, like other determination methods, the action to be determined must be truncated to a certain local form, which may cause some error. We call the effects of this error truncation effects. Unless the truncated form of the action is sufficiently close to the real one, truncation effects may affect long-distance, physical properties of the action. In Ref [9] several SU(3) gauge actions corresponding to blocked configurations (generated by a blocking transformation) were obtained in multi-dimensional coupling space. However it is not known whether these actions still preserve the improvements of the blocked configurations or not, since these improvements may have been ruined by truncation effects. This point can only be examined by Monte Carlo simulations. In this letter, we perform Monte Carlo simulations with the actions obtained in Ref [9] , which we call MCRG improved actions, examine the rotational symmetry of the heavy quark potential, and estimate the truncation effects which appear in a physical quantity ( the string tension ).
Monte Carlo Renormalization Group Improved Actions
We briefly sketch the method used to determine the MCRG actions in Ref [9] . First, we block configurations generated with the standard Wilson action on 32 3 ×64 lattices. The blocking scheme employed is Swendsen's scale factor 2 blocking scheme. This blocking scheme was optimized by multiplication by a Gaussian random SU(3) matrix so that the blocked trajectory converges to the renormalized trajectory quickly [10, 9] . Actually the optimal width of the Gaussian distribution at β ∼ 6.0 turned out to be 0, meaning that the Gaussian random SU(3) matrix becomes unity. This optimal width was used in the blocking. The blocking was performed twice, starting from 32 3 × 64 lattices at two β values, 6.0 and 6.3, thus resulting in two sets of 8 3 × 16 blocked configurations.
Next, in order to determine coupling constants we apply the canonical demon method [11, 12] on the blocked configurations. The canonical demon method introduces several degrees of freedom, so-called demons, which are associated with each of the coupling constants to be determined. The action S can be written as
where β i is a coupling constant andS i (U ) is some operator consisting of Wilson loops. Hereafter for simplicity, let us assume that the action is characterized by only one operator or by one coupling constant:
The demon is updated by a microcanonical simulation in the joint system, i.e. the demon and the links of a blocked configuration. In the microcanonical simulation, the total energy of the joint system, i.e.S(U ) plus the demon energy E d , is kept constant.
In the canonical demon method, in order to avoid a possible finite volume error, a set of well uncorrelated blocked configurations is prepared. At a certain stage of the microcanonical simulation, we move to a new blocked configuration chosen from the set and the configuration used before is discarded. The demon is also moved to the new configuration keeping the value of the demon energy at the last update.
The probability distribution of the demon energy P (E d ) in the simulation is expected to be the Boltzmann distribution:
where β is the coupling constant to be determined. Using eq.(3), we write
where the demon energy E d is restricted in the region, E min < E d < E max and Z is the partition function. If we take E max = −E min = E c , where E c stands for some constant value which we fix in the simulation, eq.(4) will be
Finally, substituting the average value < E d > obtained from the simulation, we determine the value of the coupling constant β by solving eq. (5) numerically. The extension to the multi-coupling form of eq. (1) is straightforward.
In our study we take MCRG actions obtained in two-dimensional coupling space. The actions are written as
The values of the couplings β 11 and β 12 are listed in Table 1 . The actions A and B come from Ref [9] , which are obtained from the configurations blocked twice at β = 6.00 and β = 6.30 respectively.
We also use an interpolated action (M) located half-way between actions A and B. Fig.1 shows the locations of these actions in the β 11 -β 12 plane. The ratio of the two couplings, |β 12 /β 11 |, is bigger than that of the Symanzik tree-level improved actions [13] and Iwasaki action [14] .
Heavy Quark Potentials
We employ 8 3 × 16 lattices which is the same lattice size with the original blocked lattices. We In order to compare the potentials we plot the potentials of the action A(B) and original blocked lattice on the same figure (Fig.4-5) . It is clearly seen that the potentials of the action A(B)
are very different from the ones of the original blocked lattice, and the slopes of the potentials at large distance of the action A(B) are larger, which implies that the lattice spacings are also larger than the original ones. We quantify this effect by comparing string tensions.
The string tensions are extracted by fitting the potentials to the form
where m, σ L and c are fitting parameters, and r = R/a is the distance measured in lattice units.
The fits are performed on all the data including on and off axis potentials. The fit results are summarized in Table 3 .
In order to evaluate the truncation effect, let us compare the string tensions with the ones of the original blocked lattices. The results are the following: 
1.29(12) MCRG Action
Here we comment on the naive expected string tension on a blocked lattice at β = 6.00 and 6.30. From the literature [15] , we find σa 2 ≃ 0.051 at β = 6.00 and σa 2 ≃ 0.020 2 at β = 6.30. Since we block twice, the naive expected string tension on the blocked lattice will be σa 2 ≃ 0.82(0.32) at β = 6.00(6.30) respectively. These values are compatible with that of the blocked lattice at β = 6.30 but not compatible at β = 6.00 ( See eqs. (8) and (9) ). Probably this mismatch is due to the very small correlation length at β = 6.00 since the correlation length ξ is estimated to be ξ ∼ 4 using 1/ξ 2 ≃ σa 2 and this correlation length is too small to preserve the same long range physics under the blocking transformation.
We examine the truncation effects which are seen in the string tension by taking the ratio of the string tensions of the MCRG actions and the original blocked lattices (eqs. 8,9).
Since σ L = σa 2 , the ratio in lattice spacing will be:
If the truncation effects were negligible, the ratio should be one. However this is far from being the case, which indicates that sizeable truncation effects are involved in the MCRG actions. It is important to notice here is that the truncation effect increases the lattice spacing, i.e. the lattice spacing of the MCRG actions is 40 − 50% bigger than that of the original blocked lattice. This 
This situation may become more pronounced at large R as seen in Fig.4 -5. Thus, we obtain a larger string tension as extracted from the slope of the potential at large distance.
In order to examine the rotational symmetry of the potentials we plot all the data of the MCRG action A,B and M on the same figure ( Fig.6 ) by rescaling them using the obtained string tension results. The potentials are shifted so that each fitted curve for V (R)/ √ σ gives the value 2 at R √ σ = 2. We see good rotational symmetry except at large R √ σ due to the large error bars. 
